Background: The innate immune system encompasses various recognition molecules able to sense both exogenous and endogenous danger signals arising from pathogens or damaged host cells. One such pattern-recognition molecule is Mficolin, which is capable of activating the complement system through the lectin pathway. The lectin pathway is multifaceted with activities spanning from complement activation to coagulation, autoimmunity, ischemia-reperfusion injury and embryogenesis. Our aim was to explore associations between SNPs in FCN1, encoding M-ficolin and corresponding protein concentrations, and the impact of non-synonymous SNPs on protein function.
Introduction
The human immune system has evolved innate and adaptive components that cooperate to protect against microbial infections while maintaining homeostasis of the body. The innate system encompasses various recognition molecules able to sense both exogenous and endogenous danger signals arising from pathogens or damaged host cells. The complement system is an important part of the innate immune system, consisting of a finely equilibrated composition of proteins. Thus it is relevant to study the influence of polymorphisms in these genes encoding the proteins, to enable the interpretation of the genotype-phenotype relationship.
The lectin pathway activates the complement system through the recognition of pathogens or altered self-structures by mannanbinding lectin (MBL) or one of the three ficolins (H-, L-and Mficolin). The structural composition of M-ficolin is similar to that of MBL and the other ficolins, with polypeptides that trimerize into subunits, which in turn oligomerize into larger macromolecules (Fig. 1) . M-ficolin form complexes with MBL-associated serine proteases (MASPs), and MASPs are converted from proenzymes to active forms when M-ficolin binds to pathogens. MASPs are then responsible for complement activation through cleavage of other complement factors. Over the past decade new knowledge broadened the role of the lectin pathway from complement activation to coagulation, autoimmunity, ischemia-reperfusion injury and embryogenesis [1] [2] [3] .
M-ficolin is encoded by FCN1 on chromosome 9q34, close to FCN2 which encodes L-ficolin (Fig. 1 ). The two proteins show an 80% identical amino acid sequence, and phylogenetic analysis indicates that the FCN2 gene originates from gene duplication of FCN1 [4, 5] . The ficolins exhibit differences in tissue expression and ligand specificity, suggesting a specific role of each ficolin. Hficolin is expressed in lung, and as for L-ficolin also in liver, whereas M-ficolin expression mainly is seen in bone marrow and peripheral leukocytes [6] . M-ficolin is synthesized by monocytes and granulocytes, secreted to the surroundings upon stimulation, but also found as a membrane associated protein on the surface of these cells [7] [8] [9] . Congruent with this is the correlation between the M-ficolin concentration and the number of neutrophils in the blood of healthy blood donors, pediatric cancer patients and rheumatoid arthritis patients [10, 11] .
M-ficolin has marked ligand specificity for sialic acid, a property not shared with the other ficolins [12] . This feature is utilized when M-ficolin binds to capsulated bacteria, e.g., Group B Streptococcus [13] . In addition, M-ficolin binds to C-reactive protein, which enhances the binding of C-reactive protein to bacteria [14] . Clinical studies have linked M-ficolin to the occurrence of severe infections in haematological cancer undergoing chemotherapy [15] and the need for mechanical ventilation and mortality in premature infants with necrotising enterocolitis [16] . Furthermore M-ficolin is highly elevated in the synovial fluid of rheumatoid arthritis patients indicating a possible role in autoimmunity [10] .
Single nucleotide polymorphisms (SNPs) in the genes of several of the lectin pathway proteins have been found to influence the corresponding concentrations in plasma [17] [18] [19] [20] . Two report have appeared on associations concerning concentration of M-ficolin and SNPs in the promoter region of the FCN1 gene, but no attempt was made to investigate for non-synonymous SNPs [21, 22] .
Our main aim was to explore associations between SNPs in FCN1 and corresponding protein concentrations in plasma. We first explored for new SNPs by sequencing the FCN1 gene in 46 selected cases, and afterwards we analyzed 26 SNPs in the FCN1 gene of 346 blood donors and examined for correlations to protein levels. We further created corresponding recombinant protein to 5 non-synonymous mutations and investigated for biologic function and ligand-binding capacity. Table 1 shows blood donor characteristics, and reveals a majority of men with a median age slightly higher than the women. Prior to the SNP association analysis, the effect of age and gender on serum M-ficolin was tested using a multiple linear regression model, with serum M-ficolin as dependent variable, and age and gender as covariates. A significant association of the serum concentration of M-ficolin with gender (P,0.001) and age (P,0.03) was observed. Regarding the age-dependent decrease in the serum concentrations of M-ficolin, no significant difference was found between the genders and a linear model for the agedependence in both genders was fitted (Fig. 2) . Male gender was associated with a reduction of 21.0% (confidence interval (CI); 13.0-28.3%) and an increase in age of a decade resulted in a reduction of 5.0% (CI; 0.6-9.5%) in median M-ficolin concentration.
Results

Age and Gender Influence
SNP Exploration of FCN1
Twenty-eight SNPs were discovered by sequencing the promoter region and all 9 exons of the FCN1 gene in 46 selected individuals, of which 7 at the time of sequencing were not registered with an rs-number in the dbSNP Build 133 database at the NCBI Reference Assembly (Table S1 ). Seven SNPs were located in the promoter region, 11 in introns, two in the 39boundary region, and two synonymous SNPs in exons. Five of the 28 SNPs were non-synonymous causing amino acid changes (Arg124Gln, Thr150Met, Ala218Thr, Ser268Pro, Asn289Ser). All these were located in the fibrinogen-related domain of M-ficolin protein (Fig. 1B) .
Genotypes and Concentrations
Based on the above findings and the SNPs listed in the dbSNP database, 26 SNPs were chosen to be genotyped in 346 blood donors. No deviations from Hardy-Weinberg equilibrium were found for any of the genotyped SNPs (data not shown). To test the association between genotypes and serum concentrations of Mficolin a multiple linear regression model with serum M-ficolin as dependent variable and age, gender and genotypes as well as their interactions as independent variables was applied ( Table 2) . From this analysis associations were observed between serum M-ficolin with age, gender and genotype, and no interaction effects on Mficolin were observed between the independent variables gender, age and genotype.
Because of the effect of both gender and age on M-ficolin concentration, gender and linear age-adjustment were applied and genotypes were included one-by-one as dependent variables in a multiple linear regression analysis. Seven SNPs showed significant associations with gender and age-adjusted M-ficolin concentration; three were located in the promoter region, one synonymous in exon 1, two non-synonymous in exon 8 and 9, and one in intron 8. The age-adjusted serum M-ficolin level estimates were reported for each gender at 40 years ( Table 3 ). The four SNPs in the promoter region and exon 1 were frequent with similar minor allele frequency around 0.35, which were in contrast to the last 3 SNPs encountered only once or twice in heterozygote state.
Linkage disequilibrium (LD) analysis revealed a very high degree of LD among the four SNPs in the promoter region and exon 1 with a significant effect on serum M-ficolin (Fig. 3) . The R 2 -value between two loci, were very high between the four SNPs, with values in the range of 0.91-0.96. Since 2144C.A had the lowest p value among the four SNPs with respect to association to serum M-ficolin (Table 2) , it was used as a covariate to determine the influence of the remaining three SNPs on serum M-ficolin concentrations. None of the three SNPs contributed with further explanatory power (21524T.C (P = 0.472), 2542G.A (P = 0.428), 33G.T (P = 0.762)) to the age-adjusted M-ficolin concentration. The minor AA genotype of 2144C.A was associated with an increase of 25.8% (CI; 7.7-46.8) (P = 0.004) compared to the CC genotype in age-adjusted M-ficolin concentration, whereas there was no effect of the CA genotype compared to the CC genotype (P = 0.42).
Heterozygosis of Ala218Thr, was associated with significantly lowered age-adjusted serum concentrations of M-ficolin; the common GG genotype was associated with normal serum Mficolin, and we found none with the AA genotype ( Table 3) . A similar pattern was observed with Asn289Ser, where heterozygosis was associated with lowered age-adjusted concentrations of Mficolin. The Ser268Pro was borderline significant (P = 0.065) associated with lowered age-adjusted M-ficolin concentrations. Four individuals were heterozygote for Thr150Met and one for Arg124Gln, and none of these mutations led to significant change in age-adjusted concentrations of M-ficolin.
Non-synonymous SNPs Discovered in the FCN1 Gene
We genotyped 346 individuals in the search for nine nonsynonymous SNPs (Fig. 1C) , and five of the nine SNPs were present in a total of nine individuals. Age, gender and M-ficolin concentration of the individuals heterozygote for one of the five non-synonymous SNPs are listed in Table 4 . Non-synonymous SNPs generally have high impact on phenotype. In Table 4 we report the predicted phenotypic effect of such SNPs by two [23] and polymorphism phenotyping (PolyPhen-2) [24] . SIFT is based on the premise that protein evolution is correlated with protein function. Positions important for function should be conserved in an alignment of the protein family, whereas unimportant positions should appear diverse in an alignment. The prediction of PolyPhen-2 is based on a number of features comprising the sequence, phylogenetic and structural information characterizing the substitution. Of the 5 non-synonymous SNPs found Arg124Gln is the only one predicted by both SIFT and PolyPhen-2 to have a benign phenotypic effect, whereas the remaining four are in varying degrees predicted to be damaging (Table 4) .
Characterization of Recombinant Proteins Representing Non-synonymous SNPs
The effect of the amino acid change induced by the Arg124Gln, Thr150Met, Ala218Thr, Ser268Pro and Asn289Ser mutations were investigated in vitro by expression of the variants. Recombinant Ser268Pro was as the only protein completely immeasurable in the supernatant produced by the transfected HEK293F cells (Fig. 4A ) and the cell lysate (data not shown). There was an apparent reduction in M-ficolin concentration in the supernatant of Ala218Thr and Asn289Ser transfected cells, whereas Arg124Gln and Thr150Met transfected cells had elevated levels compared to the wild-type. Western blotting using two different monoclonal anti-M-ficolin antibodies confirmed that the Ser268Pro recombinant protein was not expressed either in the supernatant or in the cell lysate (Fig. 4B) . Ligand-binding analysis showed that both Ala218Thr and Asn289Ser were unable to recognize and bind to Group B Streptococcus, while Arg124Gln and Thr150Met bound similarly as the wild-type. The binding ability of Ser268Pro mutation was not analyzed since we were unable to produce the recombinant protein (Fig. 4C) .
Discussion
There was a substantial reduction of M-ficolin associated with male gender and aging, and these effects were independent of genetic factors. A part of the explanation for the higher M-ficolin levels in women could be the gender differences in neutrophil count, with women having 5-10% higher neutrophil counts than men [25] [26] [27] . Gender determined differences in neutrophil counts could directly influence the M-ficolin levels, since M-ficolin is synthesized by and associated to the circulating levels of neutrophils and monocytes in both health and disease, i.e. a higher neutrophil count is associated with higher M-ficolin level [7, 10] . The reason for the gender difference in neutrophil count is unknown, but it has been found consistently across different ethnicities. There exists also ethnic variations in neutrophil counts, most importantly with people of African origin having markedly lower neutrophil counts (15-20%), which presumably will influence the M-ficolin levels [28] . There is no decline in the neutrophil count associated with age, but most aspects of the neutrophil function are compromised in the elderly, including chemotaxis, phagocytosis, degranulation and generation of reactive oxygen species [29, 30] . One could on that basis speculate that the neutrophil in older individuals synthesizes and excretes less Mficolin compared to the young. We created and compared 5 recombinant M-ficolin proteins with different amino acid substitutions reflecting the nonsynonymous SNPs we encountered in the population. The rare Ser268Pro mutation was found in one heterozygote individual showing an M-ficolin level in the lowest 2% range. The Ser268Pro was only borderline significant when associated to age-adjusted Mficolin levels, and this is probably due to low statistical power. Recombinant M-ficolin containing this mutation could not be detected in the supernatant or cell lysate of transfected HEK293F cells as judged by TRIFMA and Western blotting. M-ficolin binds to its ligand in a Ca 2+ dependent manner. Ser268Pro merits in that perspective special interest since Ser 268 is predicted by the crystal structure to be an important part of the Ca 2+ binding site through the main chain carbonyl oxygen atom of Ser 268 [31] . Ser 268 is furthermore close to the conserved and structurally important Cys 270 -Cys 283 disulfide bond which stabilizes the Ca 2+ binding site [31] . PolyPhen-2 predictions indicate a possibly damaging role while SIFT indicate a benign role of Ser268Pro. We hypothesize that an individual homozygote for Ser268Pro will be completely deficient of M-ficolin. The frequency of heterozygosity of Ser268Pro is listed in the databases as 0.005 (Table 4) , which is similar to our findings of one heterozygote out of 345 individuals. This would translate to a calculated Hardy-Weinberg homozygote frequency of roughly one in 160.000. Up till now no one has identified a complete M-ficolin deficient individual. A known mutation likely to cause complete deficiency besides Ser268Pro would be the stop-mutation Trp279Ter (Fig. 1, Table 3 ), but this mutation was undetected in 4300 European-American individuals (Table S3) [32].
Both Ala218Thr and Asn289Ser have significant effects on Mficolin levels, as they were significantly associated with the concentration of age-adjusted M-ficolin in the cohort (Table 3 ). The plausibility of this is supported by the predictions by both SIFT and Poly-Phred2 of the mutations to be damaging and further underpinned by in vitro studies showing a reduction compared to wild-type in recombinant M-ficolin produced by HEK293F cells.
GBS is normally recognized by M-ficolin leading to subsequent complement activation, where terminal sialic acid residues in the polysaccharide capsule on the surface of GBS is the ligand recognized by the FBG domain of M-ficolin [13] . Both Ala218Thr and Asn289Ser are located in the FBG domain of M-ficolin, and they were unable to recognize and bind to GBS ( Figure 4C ). The amino acid Asn 289 is located very close to the ligand-binding pocket of M-ficolin [31] , and possible changes in the tertiary protein structure induced by Asn289Ser would explain the impaired ligand-binding capability observed. Ala 218 is not located in close proximity to structurally or functionally known important areas of the protein, but one could speculate that the amino acid substitutions will result in misfolding. Changes in the protein structure would render the protein susceptible to premature degradation, and hence low levels of M-ficolin. Since Ala218Thr and Asn289Ser affect both the concentration and the ligand binding ability, we speculate that an individual homozygote of one of these mutations would have a phenotype of complete deficiency.
There were four SNPs in the promoter region and exon 1 associated with M-ficolin levels. These four SNPs are all in very close linkage disequilibrium, thus further multiple regression analysis was performed to elucidate the additional effect of the three SNPs compared to the most significant SNP 2144C.A. The three SNPs (21524T.C, 2542G.A, 33G.T) failed to add additional explanation to the model. We conclude that the four SNPs represent the same effect with respect to association with Mficolin concentration. A recent study supports this by showing a similar association of both 2542G.A and 2144C.A with Mficolin concentration in blood donors, but with a lower LD between the two (r 2 = 0.71). This publication failed to find an association of M-ficolin levels with gender and age. The differences from the present results may be due to the lower number of samples tested [21] . The r-squared plot in this study is similar to that compiled for European-Brazilians by Boldt et al. [22] . Both studies performed in silico prediction of two of the functional FCN1 promoter polymorphisms (2144C.A,2542G.A) and found 11 transcription factors recognizing the different sequences, thereby implying a functional role of these two polymorphisms [21, 22] .
When this study was planned there was no large-scale exome data available, and there was a lack of data regarding frequency for most of the SNPs reported in the databases. This lack of data prompted us to perform the exploratory sequencing for unknown SNPs. We found 5 non-synonymous SNPs that were not reported by the previously only published study on the FCN1 gene [33] . The recently published large-scale exome data [32] allow us to evaluate if we have missed some ''common'' non-synonymous SNPs in our data, Table S3 . There were reported 26 different nonsynonymous mutations and two stop mutations encountered a total of 122 times in heterozygotic form (none were homozygotic) in 4300 European-American individuals. The five most frequent non-synonymous SNPs encountered a total of 81 times were the same five non-synonymous SNPs found in the present study. Based on this, it is likely that we have identified the majority of individuals with non-synonymous SNPs in the FCN1 gene in the present study. Furthermore, the six non-synonymous SNPs not encountered in the Danish population in investigations are rare in the 4300 European-American individuals, as they are only encountered a total of 10 times. There are exome data for 2203 African-American individuals (not shown) and the two most frequent non-synonymous SNPs in this cohort are the Gly43Asp and Arg93Gln mutations with an allele frequency of 3.5% and 8.9%, respectively, in contrast to 0.05% for both in the EuropeanAmericans individuals [32] . The major strengths of the study was the use of exploratory sequencing of a minor group of blood donors with extreme values of M-ficolin and the use of a very robust TRIFMA assay with specific monoclonal antibody. Furthermore the creation and biological characterization of 5 recombinant proteins generated from identified non-synonymous mutations add to the translational aspects of the study.
The observed differences in M-ficolin were found in healthy individuals. It remains to be seen whether differential M-ficolin expression would be observed in individuals during acute phase reaction or various disease processes, either of which might lead to altered transcription. The present study generated new knowledge through interlinking genotype and phenotype of M-ficolin and the FCN1 gene opening up for future genetic studies of the innate immune system in health and disease.
Materials and Methods
Subject and Samples
A cohort of 350 Danish blood donors aged 18-64 years was analyzed. Genomic DNA from peripheral blood leukocytes was extracted using the QIAamp DNA Mini Kit (Qiagen, Valencia, CA). Successful DNA extraction failed for 4 donors. The concentrations of M-ficolin in the sera from these patients have previously been published [34] .
Protein Measurements
M-ficolin concentrations were determined by as a time-resolved immunofluorometric assay according to the same principle as traditional enzyme-linked immunosorbent assay. In brief the Mficolin assay is carried out as followes: diluted samples are incubated in monoclonal anti-M-ficolin antibody coated microtiter wells. Bound M-ficolin is detected by biotin-labeled monoclonal antibody followed by europium-labelled streptavidin and measurement of the bound europium by time-resolved fluorometry [34] .
Exploration of FCN1 Polymorphisms
Genomic DNA from the individuals with the 23 highest (range 3.1-11.1 mg/l) and 23 lowest (range 0.4-0.7 mg/l) concentrations of M-ficolin was chosen for SNP exploration by DNA sequencing. The purpose of this selection was to increase the chance of finding genetic variants with a substantial impact on M-ficolin concentration. We sequenced all 9 exons, 59-and 39-flanking regions and 2 kb of the promoter region of FCN1. Sequencing was performed by Beckman Coulter Genomics, Danvers, USA. The design of PCR amplicons utilized the following criteria; a 50 bp overlap where amplicons overlapped, and at intron/exon boundaries a minimum of 50 bp of intron sequence is represented and masks dbSNP polymorphisms to avoid placing primer on SNP containing region. A test PCR reaction at a standard thermal cycling condition was performed on each amplicon using control DNA specimens, followed by sequencing. High-throughput PCR setup and sequencing included the following steps: PCR reaction setup into 384 well format plates and thermal cycling, PCR purification utilizing SPRI (solid-phase reversible immobilization), bi-directional DNA sequencing using BigDye Terminator v3.1, post reaction dye terminator removal using Agencourt CleanSEQ and sequence delineation on an ABI PRISM 3730xl with base calling and data compilation. Sequence data generated from samples were assembled along with a reference sequence, and afterwards automated polymorphism detection using Polyphred. The SNPs not encountered in the dbSNP database were submitted to NCBI.
Genotyping
The TaqMan OpenArray genotyping system from Applied Biosystems (ABI, Foster City, CA, USA), which is a highthroughput, highly automated and relatively low-cost (per assay) system that allow testing of many SNPs in multiple individuals in parallel, was used for genotyping of 21 SNPs in the FCN1 gene. We typed 10 SNPs with custom-designed genotyping assays and 11 SNPs with predesigned TaqMan SNPs assays (see Table S2 for assay information). OpenArray plates were manufactured by Applied Biosystems (ABI, Foster City, CA, USA). A nontemplate control (NTC) was introduced within each set of assays. TaqMan OpenArray master mix (ABI, Foster City, CA, USA) was used in this study according to the manufacture's protocol. Samples were loaded into OpenArray plates using the OpenArray NT Autoloader and cycled using GeneAmp 9700 thermal cycler with PCR conditions according to the manufacturer's protocol (ABI, Foster City, CA, USA). The arrays were read using the OpenArray NT Imager and the allele calls and scatter plots were generated with the genotyping software associated with the OpenArray system. Two custom-designed SNPs (rs138055828 and rs2989722) were performed as single TaqMan assays since assay design for Open Array failed due to high CG rich region flanking these SNPs. DNA amplification was carried out in 5-ml volume containing 20 ng DNA, 0.9 mM primers and 0.2 mM probes (final concentrations), amplified in 384-well plates. PCRs were performed with the following protocol on a GeneAmp PCR 9700 (Applied Biosystems): 95uC for 10 min, followed by 40 cycles of 95uC for 15 s and 60uC for 1 min. Subsequently, end-point fluorescence was determined using the ABI PRISM 7900 HT Sequence Detection Systems and the SDS version 2.3 software (ABI, Foster City, CA, USA).
Three SNPs rs147309328, rs56084543 and rs2070622 were genotyped by sequencing performed in both directions on a 3500 Genetic Analyser (Applied Biosystems, Foster City, CA). Specific primers used to amplify the region of exon 6 and intron 6 of the FCN1 gene were used and the fragment were amplified by an initial denaturation at 95uC for 10 min, followed by 40 cycles of 94uC for 30 s, 69uC for 30 s, 72uC for 30 s, with a final extension of 72uC for 4 min. The sequencing reactions used in this experiment were performed using the Applied Biosystems BigDye Terminator v1.1 Cycle Sequencing Kit protocol. The resulting fragment of 383 bp was analyzed with the computer software CLC Main Workbench version 6.
Recombinant M-ficolin Variants
Expression vectors encoding M-ficolin variants with the amino acid changes Arg124Gln, Thr150Met, Ala218Thr, Ser268Pro and Asn289Ser were generated from a wild-type M-ficolin plasmid [35] For Western blotting, concentrated supernatants and Ser268Pro transfected cell lysate were added J vol SDS-PAGE sample buffer (30 mM Tris-HCL, 10% (v/v) glycerol, 8 M urea, 3% (w/v) SDS, 0.1% (w/v) bromophenol blue, pH 8.9) and electrophoresis was run on 4-12% Bis-Tris acrylamide gels (Biorad, Hercules, CA) followed by blotting onto nitrocellulose membranes (Amersham Hybond ECL, GE Healthcare, Waukesha, WI). The membranes were blocked by incubating for 1 h at room temperature in TBS (10 mM Tris-HCL, 140 mM NaCl, pH 7.4), 0.1% (v/v) NaN 3 , 0.1% (v/v) Tween-20, washed, and developed with two anti-Mficolin antibodies (ABS 036-05 and ABS 036-01, BioPorto, Gentofte, Denmark) at 1 mg/ml primary buffer (TBS, 0.1% (v/v) NaN 3 , 0.05% Tween-20, 1 mg/ml human serum albumin (HSA), 100 mg/ml normal human immunoglobulin (nhIg) (cat. no. 007815, ZLB Behring Gmbh, Hattersheim am Main, Germany), 1 mM EDTA, pH 7.4). Subsequently, the membranes were incubated with HRP-conjugated polyclonal rabbit antimouse Ig antibody (cat. no. P0260, Dako, Glostrup, Denmark), diluted 1/4000 in secondary buffer (TBS, 0.05% (v/v) Tween-20, 100 mg/ml nhIg, 1 mM EDTA, pH 7.4), and developed with Supersignal West West Pico Chemiluminescent substrate (cat. no. 34080, Pierce, Rockford, IL, USA).
Binding of M-ficolin variants was tested essentially as described previously [13] . Briefly, formalin-fixed Streptococcus agalactiae serotype VI (Group B Streptococcus) was coated in microtitre plate wells at 10 8 /ml coating buffer (5 mM Na 2 CO 3 , 35 mM NaHCO 3 , 0.1% (v/v) mM NaN 3 , pH 9.6). Followed by blocking of residual bindingsites by inhibition with HSA. Dilutions of WT or mutant recombinant M-ficolin were incubated in the wells over night at 4uC, followed by wash and incubation with biotinylated anti-M-ficolin antibody and europium-labelled streptavidin.
Statistical Analysis
M-ficolin concentrations in serum were log-normally distributed and, therefore, log-transformed before analysis. The genotype distribution was tested for deviation from Hardy-Weinberg equilibrium and the degree of linkage disequilibrium (LD) between the SNPs was estimated using the Haploview software [36] . The squared Pearson's correlation coefficient (R 2 ) was used as measure of LD between pairs of SNPs with respect to the M-ficolin protein level. Statistical analysis was performed using the statistical software system R, version 2.15.0 [37] . Student's t-test was used to test population differences for continuous variables and Pearson's Chi-square test for population differences for categorical variables.
Analysis of variance based on multiple linear regression models was used to investigate the association between age, gender, genotypes and M-ficolin concentrations in serum as well as individual genotypic associations with gender and age-adjusted Mficolin concentrations in serum. Prior to SNP-wise association analysis with M-ficolin for each gender, all serum concentrations of M-ficolin were age adjusted to 40 years, using a linear model for each gender. Results with P-values below 0.05 were considered significant and throughout 95% confidence intervals are used. 
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